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Shao-ping Zhu and Tetsuya Sato 
In this report we give a kinetic simulation model on 
effect of neutral particle in a collisional bounded plasma. 
The simulation region is bounded by a symmetric bound-
ary on left side and a target plate located on the right 
side. Neutral particles are produced by ions that strike 
the plate. The basic equations are as follows; 
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Where N is the total number of particles, and S(x) is the 
form function of particles. ~lcol represents Coulomb 
collision which is included by Monte Carlo method, ~lex' 
~ lio represent excitation and ionization of neutral par-
ticle by electron impact, and ~Ire represents recom-
bination process. In the present simulation, excitation 
of hydrogen atom from ground state ls to exited state 
lp, ionization of hydrogen atom in ground state, and 
photorecombination and three body recombination are 
included. We now consider how to include excitation 
processes by Monte Carlo method. Let us consider exci-
tation of neutral hydrogen atom by electron impact 
e + H(ls) --+ e + H•(2p) (6) 
Introducing probability Pex = 1-e-<D"I.-+2p(v)v>nHAt 
where< O'h-+2p(v)v > is excitation rate and nH is den-
sity of neutral hydrogen atom, and Rex which is a uni-
form random number between 0 and 1, we let excitation 
of neutral particle occur if Rex ~ Pex, so increment of 
H•(2p) is 
(7) 
which is the rate equation for excitation of neutral par-
ticle by electron impact. 
We now find the velocity of electron and neutral par-
ticle after excitation. Considering energy and momen-
tum conservation; 
(8) 
ffieVei + ffinVni = ffieVej + ffinVnj (9) 
Introducing the relative velocity u and the velocity 
of the center of mass V, defined respectively 
(10) 
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we obtain the energy and momentum conservation 
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where M is the total mass M = me + mn, m is re-
duced mass m = m,mn. Let Ui be z-direction, the rela-
tive velocity after t~ collision UJ can be written in the 
form UJ = Ju;- ~ [sin(8)cos(¢), sin(8)sin(¢), cos(8)], 
where 8 is scattering angle and ¢ is azimuthal angle. 
Now let us find 8 and ¢. According to atomic collision 
theory, excitation is isotropic for angle ¢, so we treat 4> 
as a uniform random number. It is known that the first 
Born total cross section for process (6) is 
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The total cross section exhibits a peak at small .0., where 
.0.2 = u[ + u] - 2ui · UJ. So we introduce a probability 
function P(D.) = ln~ l and a cumulative distribu-
tion function R = ~~.-u, 
1 
P(D.')dtJ.'. Using the defini-
tion of .0., we get a relation for scattering angle 8, 
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8 and ¢ are measured in a coordinate where z-direction 
is along Ui· So it is necessary to transform Ui into labo-
ratory coordinate. Finally the velocity of particles after 
collision is read; 
Vej = Vei + ~ (uj - ui), me Vnf = Vni- M (uJ- ui). 
(14) 
By above simulation model, we can get a correct rate 
equation, exact energy and momentum conservation and 
correct angle distribution of electrons after excitation. 
For ionization of neutral particle by electron impact, the 
velocity of emitted electron is assumed to be zero, so 
we can treat ionization just like excitation process. For 
photorecombination process, we assume that all of elec-
tron momentum is transfered to photon. For three body 
recombination process, we assume that electron is cap-
tured into high level state of ion. The spatial profiles of 
particle density at equilibrium state for one simulation 
run are plotted in the following figure. Charge neutrality 
is broken before target plate, which induces a sheath po-
tential profile. Neutral particle density decreases as the 
distance from target plate. 
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